Abstract
INTRODUCTION
With the increasing incidence of obesity and type 2 diabetes mellitus (T2DM), bariatric surgery has becoming more and more popular as a therapeutic option. At present time, laparoscopic Roux-en-Y gastric bypass (LRYGB) is generally applied in the treatment of obesity patient with T2DM. Following 20 years clinical practice, the advantages of this surgery in aspects of curative effectiveness, weight loss, diabetes control and safety are gradually recognized worldwide and has become a gold standard mode for patients indicated [1] . LRYGB procedure mainly contains 3 processes including gastric pouch formation, gastrojejunostomy and jejunojejunostomy. Wherein, gastrojejunostomy is the most critical step because it needs proficient and skilled surgeon to control the size of anastomosis, which is usually associated with the occurrence of complications. Currently, the diverse surgical techniques applied for anastomosis in LRYGB are circular-stapled gastrojejunostomy (43%), linearstapled gastrojejunostomy (41%), and full hand-sewn (21%) gastrojejunostomy individually [2] . The circular-stapled gastrojejunostomy was first described by Wittgrove in 1994 . It possesses the characteristic of easy size control of anastomosis. However, this surgical mode demands prolonged length of operation time because it is difficult to insert a stapling anvil block inside the gastric pouch and hardly find the active bleeding spot at anastomotic site [3] . Although the technique of full hand-sewn gastrojejunostomy was first reported by Higa et al [4] , it was not expediently accepted by surgeons due to the requirement of longer learning curve and stronger laparoscopic suture skill. Schauer et al [5] first introduced the linear-stapled gastrojejunostomy in LRYGB, which triumphed over the complexity of stapling anvil block placement in circular-stapled gastrojejunostomy and improved the management of anastomosis bleeding. Since irregular and unsmooth anastomotic suture will produce the stricture of anastomosis, it requires more professional and skillful surgeon to perform the surgery. However, no matter what mode of anastomosis is selected, certain rate of complications related to gastrointestinal anastomosis will still happen after surgery, for instance, the rate of fistula is 0.93%-6%, stenosis is 1.6%-6.41%, and bleeding is 0%-1.75% [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Torres et al [17] considered that the anastomosis of Roux-en-Y gastrojejunostomy from the lesser curvature could bring on the food continuous through the anastomostic stoma and effectively moderate the gastric pouch expansion after surgery. We, therefore, take the linear stapler instead of Torres' circular stapler to improve the gastrojejunostomy in lesser curvature of stomach and close the anastomosis. The purpose of this study is to investigate the safety and feasibility of modified LRYGB and its impact on perioperative complications and the resolutions of T2DM.
MATERIALS AND METHODS

Patient characteristics
All data of consective 82 obese patients with T2DM (diagnosed according to the China Diabetes Association guidelines [18] ) undergoing LRYGB at the general surgery department of Beijing Tian Tan Hospital from April 2012 to July 2015 were retrospectively reviewed. Among them, 5 patients were excluded because of incomplete data collection. Thus, 77 patients in total were qualified to enter the study finally. The patients included 46 women and 31 men with a mean age of 46 years (range 19-67), a mean body mass index (BMI) 32.1 kg/m 2 (range 27.7-51.4), a mean glycosylated hemoglobin (HbA1c) 8.3% (range 5.5%-13.3%) and a mean T2DM duration 7 years (range 1-25), respectively. In addition, 29 patients showed hypertension, 31 patients showed fatty liver and 38 patients showed abnormal lipid metabolism ( Table 1) . The average follow-up period was 16.5 ± 9.4 mo (range 6-39 mo). The number of patients who completed postoperative follow-up at 12, 24, 36 mo was 56 cases (72.7%), 33 cases (42.9%) and 6 cases (7.8%) correspondingly.
Surgical procedure
The patient was placed in a dorsal elevated position on surgical table and the legs were separated to allow the surgeon standing between them. A 10-mm trocar was inserted through a periumbilical port for developing a pneumoperitoneum and laparoscopic guidance. Two pieces of 13-mm trocar were inserted separately at the left/right points above umbilicus. Two pieces of 5-mm trocars were inserted at subxiphoid (for liver retractor) and left subcostal position, seperately. The distance between each trocar should be over 6-7 cm for avoiding interference each other. The intraabdominal pressure should be maintained constantly at 13 mmHg.
The liver was retracted by a laparoscopic forceps through subxiphoid port. The esophagus was exposed and the cardia-esophageal junction and angle of His were identified.
The isolating dissection began at the lesser curvature of stomach by harmonic scalpel from 9 to 4 cm below the cardia approximately. The stomach was elevated and an aperture was created adjacent to the posterior gastric wall and around the lesser curvature. The dissection started at the lesser curvature from 9 cm below the cardia approximately. The LLC Echelon 60 endopath stapler -1.5 mm (ETHICON ENDO-SURGERY) was then applied initially in an inclined direction (near 45° angle of lesser curvature). The dissection was continued from the lesser curvature about 2.5-3.0 cm and the direction of the transaction line was turned vertically, aiming to the angle of His. The pouch should be oriented vertically and the width was near 2.5-3.0 cm. Four or five times repeated of the Echelon 60 endopath stapler -1.5 mm were required to completely divide the stomach.
The harmonic scalpel was implemented for tissue separation along with the intestinal wall distal to the ligament of Trietz about 100 cm, range from approximately 5 cm distally. The distal jejunum was then grasped by atraumatic laparoscopic forceps and brought up to the gastric pouch in front of the colon.
A stab wound was made on the end of lesser curvature of the gastric pouch and on the wall of the jejunum contra of the mesentery with laparoscopic coagulation hook separately ( Figure 1A) . A blade of the Echelon 60 endopath stapler -1.5 mm was inserted through the stab wound of the distal jejunum. The other blade of the linear stapler was placed into the gastric pouch, and the lesser curvature of the gastric pouch is anastomosed to the jejunum side-to-side with the stapler (Figure 1B) . The staple lines were inspected for bleeding under laparoscopic vision. The common open of stomach and jejunal loop were clamped together with the linear staplers (Echelon 60 endopath stapler -1.2 mm and Echelon 60 endopath stapler -1.5 mm) after staunching the bleeding of the staple line, insuring the width of gastrointestinal anastomosis attaining 2.5 cm or so (nearly 25 mm circular stapler) ( Figure 1C ). The side-to-side anastomosis between the gastric pouch and jejunum was then completed.
A stab wound made with laparoscopic coagulation hook on the wall of the jejunum contra of the mesentery, near 100 cm distal to the gastrojejunostomy (alimentary limb were varied in length depend on preoperative BMI of the patient (such as 100 cm length for patient BMI ≤ 50 kg/m 
Postoperative management
No patient was employed the nasogastric suction postoperatively. All patients were taken the gastrointestinal contrast radiograph with ioversol (iodic contrast agent) on the third day morning after surgery. Figure 2 showed a typical appearance of gastric pouch. Patients were allowed to ingest the liquid food to ensure the anastomotic stoma without leakage. Most patients were ready for discharge on the 4 th -6 th postoperative day.
Patients were prescribed to take proton pump inhibitors orally, and instructed to supplement consistently of multivitamins and trace elements for a long period. The follow up visits for patients were scheduled at 1 st , 3 rd , 6
th and 12 th mo respectively after surgery in the first year, and twice a year thereafter.
Complication is defined as a major event happening and requiring intervention during or after procedure. T2DM remission is defined by the laboratory test of 8400
October 7, 2016|Volume 22|Issue 37| WJG|www.wjgnet.com calculated as weight in kilograms divided by height in meters squared. Blood was drawn for laboratory examination from an antecubital vein following an overnight fast. Measurements were acquired using the Hitachi 7170 and J&J nephelometer assay (Dade Behring, United States). The serum insulin and C-peptide levels were measured using a DPC Immulite analyzer. All specimens were processed within 1 h of collection. Informed consent from the patients and ethics approval from the Institutional Research Ethics Committee was obtained.
Statistical analysis
All statistical analyses were performed using SPSS version 16.0, with a baseline comparison by t tests, one-way ANOVA and chi-square tests. Continuous variables were expressed as the mean ± SD. P values < 0.05 were considered statistically significant.
RESULTS
All patients were successfully completed whole LRYGB procedure. Among them, 9 patients experienced concomitant cholecystectomy. Nobody was switched to the laparotomy surgery. The patients were followed up for 6-39 mo. The average operative time was 2.6 ± 0.8 (1.5-5.8) h, blood loss was 58.4 ± 31.1 (10-200) mL, and the length of postoperative hospital stay was 5.9 ± 1.4 (4-14) d. Nobody was dead. One patient (1.3%) required fasting glucose level < 100 mg/dL, HbA1c < 6.5% and an unwillingness to pursue medical treatment. Patients data were collected and registered into the database of bariatric center, including the parameters of patients demographics, BMI, weight loss, length of hospital stay, glycosylated hemoglobin (HbA1c), complications, and comorbidit (hyperlipidemia, fatty liver, hypertension).
Patients body weight was measured in light clothing without shoes to the nearest 0.1 kg, and body height was measured to the nearest 0.1 cm. BMI was One patient (1.3%) was carried out the repeated laparoscopic operation ascribe to the stricture of gastrojejunal anastomosis 6 mo later following first surgery. The patient presented the symptoms and signs of anastomosis stenosis 6 wk after surgery and failed to endoscopic dilation management. Six patients (7.8%) arose the incomplete intestinal obstructions, and were treated conservatively by bowel rest and parenteral nutrition. Iron deficiency anemia was appeared in two patients (2.6%) at 9 and 18 mo after operation, and was treated by ferrous preparation. One patient (1.3%) showed upper gastrointestinal hemorrhage associated with oral aspirin intake. One patient (1.3%) developed acute pancreatitis 22 mo after surgery and was treated by medications. In addition, five patients (7.6%) were newly diagnosed as cholelithiasis in 66 patients after surgery. Nine and two patients were individually experienced cholecystectomy during or before LRYGB (Table 2) .
Fifty-six patients (72.7%) were followed up for 12 mo and 33 patients (42.9%) were followed up for 24 mo after surgery. BMI and HbA1c determined at 3, 6, 12, 24 mo during following up period after surgery were significantly reduced compared with those before operation respectively (Table 3 ). BMI achieved to minimal level at 1 year after surgery.
The portions of patients who maintained HbA1c (%) < 6.5% without antidiabetic agents were 61.0%, 63.6%, 75.0%, and 63.6% at 3, 6, 12, 24 mo respectively after operation. The outcome parameters of T2DM were significantly improved compaired with that measured before operation (Tables 4 and 5) .
Fifty-six patients (72.7%) were followed up for 12 mo postoperatively. Concomitantdisorders such as hypertension, dyslipidemia and fatty liver were significantly alleviated after surgery than the baselines determined prior to surgery (Table 6 ).
DISCUSSION
The key technology of laparoscopic gastric bypass are gastric pouch formation and gastrojejunostomy, in which the madding of a lesser curvature of independent gastric pouch has reached a consensus [19] . Currently, the surgical techniques applied for anastomosis in LRGB include circular-stapled gastrojejunostomy, linear-stapled gastrojejunostomy, and full hand-sewing gastrojejunostomy. The circular-stapled gastrojejunostomy was first described by Wittgrove in 1994 [20] , which possesses the characteristic of easily control of anastomosis size. However, this surgical method demands prolonged length of operation time because it is difficult to insert a stapling anvil block inside the gastric pouch and find the active bleeding spot at anastomotic site. Although the technique of full handsewing gastrojejunostomy was first reported by Higa et al [4] in 2000, it was not expediently accepted by surgeons due to the requirement of longer learning curve and stronger laparoscopic suture skill. Schauer et al [5] first introduced the linear-stapled gastrojejunostomy in LRYGB, which triumphed over the complexity of stapling anvil block placement in circular-stapled gastrojejunostomy and improved the management of anastomosis bleeding. Several studies show that there was no difference in anastomotic related complication for 25 mm circular-stapled ,full hand-sewing and linear-stapled [6] [7] [8] [9] [10] . It is important to control the size of anastomotic for laparoscopic gastric bypass and which in gastrojejunostomy was certainly difficult, but there has no standrad for the methods of gastrojejunostomy nowadays.
The classical linear-stapled gastrojejunostomy anastomoses the posterior of gastric pouch with jejunum and continuous or discontinuous closes the common opening [5] . This method has the advantages of omitting to insert a stapling anvil block inside the gastric pouch as well as easily finding and handling the active bleeding spot at anastomotic site. But it needs a skilled laparoscopic technique to close the common opening, for improper suture may cause the anastomotic stenosis. Considering the shortcomings above, we improve the method of Torres [17] which using circularstapled gastrojejunostomy in lesser curvature. We take the linear stapler instead of Torres'circular stapler to perform the gastrojejunostomy in lesser curvature of stomach and close the common opening. The width of anastomosis was 2.5 cm (equal to the diameter of 25 mm circular-stapled). It has three advantages, firstly, it not only retaines the linear-stapled advanage, but also easily to standardized, therefore easy to control the anastomosis size, avoiding the laparoscopic suture operation, such shortened the learning curve. Secondly, because we use liner-stapled for side to side anastomosis of the lesser curvature of stomach and jejunum, which insured the width of gastric pouch, so it is easy to formation narrow and long gastric pouch ,and reduces gastric jejunum anastomotic tension. Lastly it can maximize the distance of two closed line, so the anastomosis has better blood supply. The surgical technique of side-to-side anastomosis of gastric lesser curvature and jejunum in LRYGB was implemented in a total of 77 patients in this study. No patient was switched to laparotomy and no death case was existed. 9 patients received the laparoscopic cholecystectomy at same time during operation. The mean operation time was declined from 2.6 h to 1.5-2.0 h. The mean volume of blood loss during operation was decreased from 58.4 mL to 10-30 mL later stage. The average length of hospital stay was reduced from 5.9 d to 4.0 d at later stage. No gastrointestinal anastomotic bleeding, fistula, stenosis and other complications were observed in whole perioperative duration. All patients did not occur the surgery -related complications during 6-39 mo follow up period except one case (1.3%) showing anastomotic stenosis of gastric jejunum at the sixth week after operation. Compared with the rate of LRYGB gastrointestinal anastomotic complications reported in previous literature [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , the surgical technique of linear cutting closer side to side anastomosis of gastric lesser curvature and jejunum adopted in this study is a safe and feasible procedure in clinic. This study also demonstrates that the operation -related complications such as new gallbladder stone, iron deficiency anemia and so on will happen after surgery. The appropriate medical instructions and follow-up guidance to patients after surgery are of great importance.
Previous studies disclosed that bariatric surgery occupied the advantages of long term glycemic remission for obesity patient with type 2 diabetes [21] [22] [23] [24] . Schauer et al [21] and Mingrone et al [22] reported the effects of bariatric surgery versus conventional medical therapy for diabetes patients in the prospective, randomized, controlled studies, which indicated that the combination of surgical intervention with conventional medicine would possess the superior therapeutic effectiveness of blood glucose reduction. This result was further confirmed in an additional study of Schauer [25] by 3 years follow-up. In our study, we provide the important evidences of bariatric surgery beneficial to type 2 diabetes management. Gastric bypass surgery is not only able to decline the blood glucose level in type 2 diabetes, but also can improve the management of related complications than any medications alone [25] [26] [27] . Furthermore, gastric bypass and other bariatric surgery are capable of alleviating the mortality of diabetes complications [28, 29] . This study showed that at the 3, 6, 12, 24 mo postoperative, the BMI (kg/m 2 ) were reduced to 25.8 ± 3.5, 24.3 ± 3.1, 24.0 ± 2.9, and 24.4 ± 2.9 respectively, indicating significant difference compared to the baseline of 31.2 ± 3.5 determined preoperation, The BMI would reach to the minimum level within 1 year after surgery. Similarly, the HbA1c (%) levels at 3, 6, 12, and 24 mo after operation were declined to 6.2 ± 0.9, 5.5 ± 0.7, 5.7 ± 0.6, 6.2 ± 1.0 respectively with significant difference in comparison with the baseline of 8.5 ± 1.7 pre-operation. The portions of patients who maintained HbA1c (%) < 6.5% without antidiabetic medicine achieved 61.0%, 63.6%, 75.0%, and 63.6% at 3, 6, 12, and 24 mo respectively. In addition, the improvement of concomitant symptoms, hyperglycemia, lipid metabolism disorder, hypertension and fatty liver were comparable to those in LRYGB patients reported previously.
In conclusion, we have proved in this study that the side-to-side anastomosis of the lesser curvature of stomach and jejunum applied with linear cutting closer in LRYGB is a safe, feasible, and effective therapeutic option in the treatment of obesity patients with type 2 diabetes and complications. But its long-term effect requires more cases and long-term observation. Therefore, the multicenters, larger sample size and longer observation studies are required to further confirm the clinical efficacy of LRYGB to the fat diabetic patients, including the impact on microangiopathy and nephrosis.
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With the increasing incidence of obesity and type 2 diabetes mellitus (T2DM), bariatric surgery has becoming more and more popular as a therapeutic option. At present time, laparoscopic Roux-en-Y gastric bypass (LRYGB) is generally applied in the treatment of obesity patient with T2DM. Following 20 years clinical practice, the advantages of this surgery in aspects of curative effectiveness, weight loss, diabetes control and safety are gradually recognized worldwide and has become a gold standard mode for patients indicated.
Research frontiers
LRYGB procedure mainly contains 3 processes including gastric pouch formation, gastrojejunostomy and jejunojejunostomy. Wherein, gastrojejunostomy is the most critical step because it needs proficient and skilled surgeon to control the size of anastomosis, which is usually associated with the occurrence of complications. However, the surgical mode has not been standardized. Currently, the diverse surgical techniques applied for anastomosis in LRYGB are circular-stapled gastrojejunostomy (43%), linearstapled gastrojejunostomy (41%), and full hand-sewn (21%) gastrojejunostomy individually.
Innovations and breakthroughs
In this study, the modified side to side anastomosis of the lesser curvature of stomach and jejunum was applied with linear cutting closer in LRYGB. It has three advantages. Firstly, it not only retaines the linear-stapled advantage, but also easily to standardized, therefore easy to control the anastomosis size, avoiding the laparoscopic suture operation, such shortened the learning curve. Secondly, because we use liner-stapled for side to side anastomosis of the lesser curvature of stomach and jejunum, which insured the width of gastric pouch, so it is easy to formation narrow and long gastric pouch ,and reduces gastric jejunum anastomotic tension. Lastly it can maximize the distance of two closed line, so the anastomosis has better blood supply.
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This study suggests that the modified side to side anastomosis of the lesser curvature of stomach and jejunum should been applied with linear cutting closer in LRYGB. 
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